Abstract. Scalar leptons, charginos and neutralinos, predicted by supersymmetric theories, have been searched for in data samples collected with the L3 detector at centre-of-mass energies of 161 GeV and 172 GeV with integrated luminosities of 10.7 pb −1 and 10.0 pb −1 respectively. No evidence for such particles is found. New limits on production cross sections are set, assuming R-parity conservation. New exclusion contours in the Minimal Supersymmetric Standard Model parameter space as well as new lower limits on masses are derived.
Introduction
One of the main objectives of the LEP experiments is the search for supersymmetric particles (SUSY) predicted in theories beyond the Standard Model [1] . They are partners of the known particles with a spin difference of one half. In addition supersymmetric models require at least two Higgs doublets to generate the masses of the gauge bosons and of the fermions.
In this letter the following assumptions are made: Rparity, a quantum number which distinguishes ordinary particles from supersymmetric particles, is conserved and the neutralino (χ 0 1 ) is the lightest supersymmetric particle. The conservation of R-parity implies that supersymmetric particles are produced in pairs and decay into nonsupersymmetric particles plus theχ 0 1 which is stable and escapes detection due to its weakly interacting nature.
Scalar leptons (˜ ± R and˜ ± L ) are the supersymmetric partners of the right-and left-handed charged leptons. They are produced in pairs through s-channel γ/Z exchange. The production of scalar electrons receives contributions also from the t-channel exchange of a neutralino which enhances the production cross section. The scalar lepton decays into its associated lepton mainly via˜ ± → χ 0 1 ± . Charginos (χ ± 1 ) are pair-produced via s-channel γ/Z or t-channel scalar neutrino (ν) exchange. When the masses of the charged scalar leptons (˜ ± ), the scalar neutrino and the charged Higgs bosons (H ± ) are very large, theχ Limits on the existence of supersymmetric particles have been obtained by L3 [2] and other LEP experiments [3] , as well as Tevatron experiments [4] . In what follows results are presented of a search for scalar leptons, charginos and neutralinos at centre-of-mass energies of 161 and 172 GeV with the L3 experiment. Limits are presented on the production cross sections of SUSY particles and on parameters of the Minimal Supersymmetric Model (MSSM) [5] . To obtain these limits the new data are combined with our results previously obtained at lower centre-of-mass energies [6, 7, 2] .
Data sample and simulation
Here we present the analysis of the data collected by the L3 detector [8] processes have been simulated using DIAG36 [14] (e + e − → e + e − + − ) and PHOJET [15] (e + e − → e + e − hadrons), requiring at least 3 GeV for the invariant mass of the twophoton system. The number of simulated events for each background process is equivalent to more than 100 times the statistics of the collected data sample except for twophoton interactions for which it is more than three times the data statistics.
Signal events have been generated with the Monte Carlo program SUSYGEN [16] , for masses of SUSY particles (M sp ) ranging from 45 GeV up to the kinematic limit and for ∆M values (∆M = M sp − Mχ0 1 ) between 3 GeV and M sp − 1 GeV. In the case of the chargino and neutralino analyses we simulate for each decay mode at least 1000 events per (M sp , ∆M) point. Moreover, for charginos, events have also been generated with the program DFGT [17] , which includes the spin correlation between charginos. The signal efficiencies obtained are in agreement between the two programs.
The detector response is modelled with the GEANT [18] program which includes the effects of energy loss, multiple scattering and showering in the detector materials and in the beam pipe. By means of randomly triggered events in coincidence with the beam crossing we estimate the amount of noise in the detector. We monitor the timedependent detector behaviour and take into account detector inefficiencies in our analyses.
Hadronic events are reconstructed using information from all sub-detectors. The energy of the event is obtained from the energy depositions in the electromagnetic and hadronic calorimeters and the particle momenta as measured in the central tracking and muon chambers.
An electron is identified as an electromagnetic shower matched with a track. An electromagnetic shower not matched with a track is identified as a photon. The energy measured in the electromagnetic calorimeter has to be larger than 1 GeV and is assigned to the identified electron or photon. A muon is identified by a track in the muon chambers which is matched with a track in the central chamber. Taus are defined as isolated hadronic narrow jets with energy larger than 2 GeV and one to three associated tracks. The energy of the tau is defined as the energy contained in a cone of 10
• half opening angle around the tau direction. Its isolation is assured by requiring that there are no additional tracks and no more than two additional calorimetric clusters in a cone of 30
• half opening angle and that the ratio of the energies in the two cones is less than 2.0.
Remaining clusters and tracks are classified as hadrons. Jets are reconstructed with the Durham algorithm [19] forcing the reconstruction into two jets.
Analysis procedure

Signal topologies and optimization procedure
As explained in the introduction, we expect for all processes two undetectedχ 0 1 's in the final state. Therefore, the main characteristics of supersymmetric processes under study are large missing transverse momentum, missing energy, missing mass and acoplanarity. We apply three types of selection criteria oriented to all possible decays of scalar leptons, charginos and neutralinos, as listed below: -topology 1: at least two acoplanar leptons; -topology 2: hadrons and at least one isolated lepton; -topology 3: purely hadronic final state with high multiplicity.
To account for the three lepton types and for the different signatures of the SUSY particle considered in total, nine different selections are performed. The signal topologies and the associated background sources depend strongly on ∆M . Therefore all nine selections were optimized separately for three different ∆M ranges: the low ∆M range at 5−10 GeV, the medium ∆M at 20 − 30 GeV and the large ∆M at 50 − 60 GeV. In the low ∆M range the expected topologies for the signal are characterized by a low multiplicity and a low visible energy. There the background is dominated by two-photon interactions. For large ∆M the signal signatures are very similar to those of W-pair production.
As already reported in [2] , the cut values are a priori optimized using Monte Carlo signal and background events. The optimization procedure varies all cuts simultaneously to maximize the signal efficiency and the background rejection. In practice, we maximize the sensitivity function 1/κ which is related to the ratio between the average Poisson upper limit on the signal without background subtraction and the signal efficiency [20] 
where k n is the 95% confidence level Poisson upper limit and P b (n) is the Poisson distribution for n observed events with a background of b events. For a given signal, as explained above, the selections are optimized for particular ∆M values. For intermediate ∆M values, we consider the logical "OR" of the three different selections (low, medium, large ∆M ) and the combination of selections giving the highest sensitivity, according to formula (1) , is chosen. In this procedure, we take into account the overlap between the selected samples in data and Monte Carlo.
Event selection
Common to all selections is the rejection of tagged twophoton interactions. We require that the sum of the energies measured in the lead-scintillator ring calorimeter and in the luminosity monitors [8] is less than 10 GeV. These two detectors cover the polar angle range 1.5
• < θ < 9
• on both sides of the interaction point.
Purely leptonic final states
Given the low multiplicity of the signal, events are rejected if the number of tracks is larger than 6 or if the and E 25 ) within ±25
• around the missing energy direction in the R-Φ plane or in space respectively, and the energy deposition in a 60
• half opening angle cone around the vector opposite to the sum of the two jet directions in space (E b 60 ). When three leptons are identified, a cut on the sum of the three angles between the three lepton pairs (θ l 123 ) is also applied. We also apply cuts on the lepton energy (E lep ), on the total transverse momentum of the leptons (p ⊥ ), on their maximum acollinearity and acoplanarity, on the polar angle of the missing energy vector (θ miss ) and on the variable E T T L . The latter is defined as the absolute value of the projection of the total momentum of the two highest energy leptons onto the direction perpendicular to the leptonic thrust computed in the R-φ plane. The cut values optimized for the scalar lepton searches, are quoted in Table 1 for the three ∆M ranges. As an example we show in Fig. 1a 
Lepton plus hadron final states
We select events with at least one isolated electron, muon or tau for which the energy, not associated to the lepton, in a cone of 30
• half-opening angle around its direction is less than 2 GeV. We apply cuts on the number of tracks in the hadronic system (N tk −N lep ) and the number of calorimetric clusters. Furthermore, cuts are applied on the missing energy direction isolation (θ miss and E ⊥ 25 ), the total transverse momentum (p ⊥ ), the energy of the isolated lepton (E lep ), the recoil mass M rec , as well as on the acoplanarity angle between the jet and the lepton. A cut is applied on the visible energy (E vis ) and E T T JL which is equivalent to E T T L using the momenta of the jet and the lepton. A cut on the invariant mass of the hadronic system (M had ) removes the WW background.
The cut values are shown in Table 2 
Purely hadronic final states
The list of cuts is reported in Table 3 for the three ∆M ranges. Again, we apply cuts on N cl , N tk , p ⊥ , E vis , acollinearity and acoplanarity as well as on the missing energy (θ miss and E ⊥ 25 ). Other variables are the absolute value of the total momentum of the event along the beam line normalized to the visible energy (p ), the recoil mass (M rec ) and the visible mass (M vis ). Table 1 . Values of the cuts optimized for the scalar lepton searches and for various ∆M ranges. They are determined with the optimization procedure described in Sect. 3.1
In the medium and large ∆M selections, a cut on the width of the two jets is applied. We define y ⊥ as the ratio between the scalar sum of the particle momenta transverse to the jet direction and the jet energy. This assures the selection of events with broad jets. In the low ∆M range a cut on the ratio E T T J /p ⊥ is applied. E T T J is equivalent to E T T L using the momenta and the directions of the two jets. As an example the distribution of p ⊥ is shown in 
Efficiencies and background contaminations
The number of variables, used in the analyses, is reduced to one in the following manner: for a given set of ranges of cuts X i loose and X i tight (where i = Cut 1 , ..., Cut N ) we define a variable ξ which runs from 0 to 1, and is linearly related to all the cut values such that when ξ is 0 all the cuts are on the loose edge (many background events satisfy the selection) and when it is 1 all the cuts are on the tight edge (no or few background events pass the selection):
The data and Monte Carlo are compared as a function of the variable ξ. As illustrated in Figs. 2a and 2b for the purely hadronic final states, the data and Monte Carlo simulations are essentially in agreement for the medium and the large ∆M selections while in the low ∆M range the background expectation coming from two-photon processes does not reproduce the data well, as can be seen in Fig. 2c ). The vertical arrows show the position of the optimized cuts. To avoid a dependence of the optimization on limited Monte Carlo statistics we use an analytical extrapolation of the background estimation (smooth curves in Fig. 2) .
For given values of SUSY particle andχ 0 1 masses, and given decay modes, the combination of selections providing the highest sensitivity according to formula (1) 
without imposing any additional kinematic constraint. Some of these results are given in Tables 4 to 6 . The selection efficiencies at √ s = 161 GeV and √ s = 172 GeV for scalar lepton masses ranging from 50 to 75 GeV, as well as the background expectations, are reported for different values of ∆M in Table 4 . Efficiencies vary from 30% to 62% for scalar electrons and from 21% to 50% for scalar muons with a maximum background expectation of 0.7 events for each. In comparison, the scalar tau selection efficiencies are smaller.
Typical selection efficiencies, as well as the number of background events expected for a 80 GeV or 85 GeV chargino mass for different decay channels and assuming a 100% W * χ0 1 decay mode, are displayed in Table 5 . In the latter case, a maximum efficiency of 55% is reached for a background contamination of 0.3 events for ∆M = 20 GeV. In the low ∆M region the efficiency decreases due to the large contamination of two-photon interactions and due to the lower trigger acceptance. For large ∆M it decreases because of the WW background. To extract the total number of expected background events, we take into account the overlap between the different selections. The selection efficiencies, as well as the number of background events expected for a sum of neutralino masses Mχ0 1 + Mχ0 2 = 160 GeV and 170 GeV for different decay channels and assuming a 100% Z * χ0 1 decay mode, are displayed in Table 6 . Compared to the chargino selection, the efficiencies are lower due to the invisible decays of the Z * . Systematic errors on the signal efficiencies are evaluated as for the data taken at √ s = 130 − 140 GeV (see [2] ). They are typically 5% relative, dominated by Monte Carlo statistics. 
Results
A summary of the searches at √ s = 161 GeV and 172 GeV is given in Table 7 showing the number of candidates and expected background events. It should be noted that events can be selected by more than one selection. We do not observe any excess of events relative to what is expected from Standard Model processes.
Therefore, we set upper limits on the scalar lepton, chargino and neutralino production cross sections and limits on the masses of these particles in the framework of the MSSM. Exclusion limits at 95% C. L. are derived taking into account background contributions. As the background from two-photon processes is not well described by the Monte Carlo we conservatively do not include this contribution in the evaluation of the limits. To derive limits in the MSSM, we optimize the global selection for any different point in the parameter space. This is obtained, choosing every time the combination of selections providing the highest sensitivity, given the production cross sections and the decay branching fractions. The systematic errors are taken into account following the procedure explained in [21] . 
Upper limits on scalar lepton, chargino and neutralino production cross sections
To derive upper limits on the production cross sections, we use the integrated luminosities collected at the different centre-of-mass energies between 130 GeV and 172 GeV without assuming a scaling of the cross sections. Hence our limits correspond to luminosity weighted average cross sections. Assuming a branching fraction for˜ ± →χ 0 1 ± of 100%, upper limits are set on production cross sections for scalar electrons, muons and taus in the plane Mχ0 1 versus M˜ ± as depicted in Fig. 3 . The efficiency for the selection of scalar electrons includes the t-channel contribution. For scalar electron and muon masses below 80 GeV, and ∆M sufficiently large, cross sections above 0.55 pb and 0.38 pb are excluded, respectively. Owing to the lower selection efficiency and the presence of a candidate event, the corresponding upper limit for the scalar tau cross section is 1.3 pb. Exclusions in the mass range 80 − 86 GeV are less stringent because only data taken at √ s = 172 GeV contribute.
The contours of upper limits on the production cross sections for the process e + e − →χ
1 for the chargino decays with standard W branching fractions a) and for purely leptonic W * decays b). In parts of the kinematically accessible region, a cross section as low as 0.5 pb is excluded for standard W branching fractions.
Similarly, cross section limits for associated neutralino production e + e − →χ 
Interpretation in the MSSM
In the MSSM, with Grand Unification assumption [22] , the masses and couplings of the gauginos and of the SUSY . These two figures are obtained using only the upper limits on the cross section obtained from direct searches. c shows the limits for scalar leptons assuming universality for scalar masses. The latter is derived from the results of the searches for scalar leptons, charginos and neutralinos in the constrained MSSM. In the upper left corner, regions not allowed in the MSSM are indicated particles as well as their production cross sections, are entirely described [5] once five parameters are fixed: tan β (the ratio of the vacuum expectation values of the two Higgs doublets), M ≡ M 2 (the gaugino mass parameter), µ (the higgsino mixing parameter), m 0 (the common mass for scalar fermions at the GUT scale) and A (the trilinear coupling in the Higgs sector). The assumption of a common scalar mass scale is relevant only if light fermion partners are considered. We investigate the following MSSM parameter space:
The interpretation of the search results in the MSSM presented here do not depend on the value of A 1 . All the limits on the cross sections previously shown can be translated into exclusion regions in the MSSM parameter space. To derive such limits, we use the generator SUSYGEN [16] where the cross sections and branching fractions are calculated in the MSSM framework.
Limits on scalar lepton masses
In general, the SUSY partners of the right-handed leptons (˜ ± R ) are expected to be lighter than their counterparts for 1 Searches for scalar partners of the third family fermions are not used directly. Indirect effects, like the decayχ < 48.8 GeV and ∆M ≥ 5 GeV, we exclude a scalar electron lighter than 70 GeV for tan β = 1.41. As the cross section increases with tan β, this limit holds also for larger tanβ. This significantly improves our result obtained at √ s = 130 − 140 GeV [2] .
With the same assumptions, and considering only the reaction e + e − →μ ± Rμ ∓ R , we derive the lower limits on the scalar muon mass as a function of Mχ0 1 as shown in Fig. 6b ). In particular, for Mχ0 1 < 50 GeV and ∆M ≥ 5 GeV, we exclude a scalar muon lighter than 60 GeV, independent of tan β. This new limit improves the one obtained at the Z resonance [6] .
Assuming universality for the scalar masses and combining the searches for charginos, neutralinos and scalar partners of the left-and right-handed electrons and muons, lower limits on the mass of the SUSY partners of the right-handed leptons as a function of Mχ0 1 are obtained, as shown in Fig. 6c) . A limit of M˜ ± ≥ 73.9 GeV is reached for Mχ0 1 < 47.7 GeV and ∆M ≥ 3 GeV. The exclusion of a light neutralino, described below, enables us to rule out a˜ ± R with a mass beyond the kinematic limit of 86 GeV.
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Limits on chargino and neutralino masses
In the MSSM framework, while the cross sections and decay branching fractions of the charginos and neutralinos depend on the masses of the scalar leptons, their masses depend only on M 2 , µ and tan β. Therefore, exclusion regions can be expressed in the M 2 − µ plane for a given tan β. The exclusions in the high m 0 range are derived from chargino and neutralino searches, while for low m 0 the searches for scalar leptons also contribute. We also take into account all chargino and neutralino cascade decays:
we observe a slight decrease of the efficiency relative toχ Depending on the neutralino-chargino field content, one distinguishes the following cases for the determination of lower limits on the neutralino and chargino masses:
|µ|): in this case, the production cross sections do not depend on the scalar lepton masses, ∆M is low and decreases with increasing M 2 . Consequently, the limits on the masses of the next to lightest neutralino and the lightest chargino decrease with M 2 as depicted in Figs. 8a and b) , respectively. For tan β = 1.41 and M 2 less than 500 GeV, Mχ0 We also derive limits on the mass of the lightest neutralino as a function of m 0 (Fig. 10a and as a function of tanβ (Fig. 10b) . The results shown in Fig. 10 are obtained from a scan in the MSSM parameter space in steps of 1 GeV for M 2 , 0.5 GeV for µ and 1 GeV for m 0 . The following values of tan β are used: 1.0, 1.2, 1.41, 1.7, 2.0, 2.2, 2.4, 3.0, 5.0, 10.0 and 40.0. For low m 0 (≤ 65 GeV) the limit comes mainly from the scalar lepton searches. For large m 0 (≥ 200 GeV), where the limit is derived only from chargino and neutralino searches we obtain Mχ0 1 > 24.6 GeV for tan β ≥ 1. For small tan β values and for µ values in the range -60 GeV to -70 GeV the excluded domain still benefits from the results obtained with data at the Z peak.
In the intermediate region (65 GeV ≤ m 0 ≤ 85 GeV) the production cross section for charginos is minimal and the scalar neutrino is light enough to allow the following decay modesχ There, the exclusion contour is derived from the scalar lepton searches. If photonic final states are not taken into account, we find a deeper minimum for Mχ0 1 at lower tanβ values (1.2-1.41). There, the next to lightest neutralino decays almost 100% into γχ 0 1 and searches for single and multi photons plus missing energy [23] become important, as can be seen in Fig. 10b ). Finally, we obtain a lower limit for the lightest neutralino of Mχ0 1 ≥ 10.9 GeV for tan β ≥ 1 and for any m 0 value.
Conclusion
No evidence for SUSY particles is found since 8 candidate events survive the cuts when a number of 7.6 background events is expected. This enables us, using also data at lower centre-of-mass energies, to set new upper limits on their production cross sections. In the MSSM framework, assuming also scalar lepton mass universality and gauge mass unification, the following 95% C. L. lower limits are derived:
-M˜ ± > 73.9 GeV for Mχ0 These results improve significantly our previous limits.
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